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PROCESS FOR THE PREPARATION OF (3R^AS»6AR)-HEXAHYDROFDRO 
[2^-B] FORAN-3.ia.(lS;iR>3-[[(4-AMINOPHENinL) SULFONYL] 
(mOBUTYIS) A]mNO]-l-BENZyi^2-HyDROXYFROFYIX:ARBAMATE 

5 Field of tbe invenlion 

The present invcntiQn telates to a process for the preparation of (3R3aS,6aR)- 
hexafaydrofuio [23-b] foran-3-yl(lS;2R>-3-[[(4-aininophaiyL) sulfbnyl] (isobatyl) 
a2xuno]--l-l>eiizyl--2-hydroxypiopylcarbamate as well as inteimediates for use in said 
processes. More in particular the invention relates to jsrocesses for the preparation of 
10 (3R^aS,6aR)-hexahydrofuro fiiran-S-yl (lS,2R)-3-[[(4-aniinophenyl) sulfonyi] 

(isobntyl) ainino]-l-bm2yl-2--l]ydroxypropylcarbarnate iK^ch make use of 4-aniino-N- 
[(2R3S>3-arnino-2-hydroxy-4-pbenyn3Ulyl]-N-isobutytbcn7^ sulftmamide 
intermediate, and which are processes amenable to industrial scaling iip. 

15 Baekgroimd 

The "virus causing the acquired immunodcficiGnc^ syndrome (AIDS) is known by 
difEerent names, including T4ymphocyte virus III (HTLV-m) or lynq>hadcnopathy- 
associated virus (LAV) or AIDS-related virus (ARV) or human imnwifiodefidiency 
vims (HIV). Up until now, two distinct ^milies have been identified, Le. HIV-1 and 
20 HIV-2. HereInaflier,HrVwiU be used to genericaUy denote these viruses. 

One of tiie critical pathways in a retroviral Ufb cycle is the processing of polyprotsin 
precursors by retroviral protease. For instance, during the replication cycle of tiie HIV 
virus, gag and gag-pol gene transcription products are translated as proteins, which are 

25 subsequently i>rocessed by a virally encoded protease to yield viral enzymes and 

structural proteins of the virus core. Most commonly, the gag precursor proteins are 
jnxiccsscd into the cfnc proteins and tiic pol precursor proteins arc processed into the 
viral enzymes, e.g., reverse transcriptase and retroviral protease. Correct processing of 
the precursor proteins by the retroviral protease is necessary for the assembly of 

30 infectious virions, thus making the retroviral protease an attractive target for antiviral 
therapy, ^particular fbrHTS^ treatment, the inv protease is an attractive t^ 

Several protease inhibitors are on the market or are being developed. Hydroxyethyl- 
amino sulfonamide HIV protease inhibitors, for example 4-aminob6nzene hydroxy- 
35 ethylamino sulfonamides, have been described to have favourable pharmacological and 
pharmacokinetic properties against wild-type and mutant HIV vims. Antprenavir is a 
commercially available ^p^onent of this 4-aminob6nzene hydroxyetiiylamino 
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sulfbnaimde class of protease inhibitors, A process for ihe synthesis of ampieiiavir is 
described m W099/48885 (Glaxo Group Ltd.). 

4-aimnobenzene hydroxyethylarnino sulfonamides may also be prepared according to 
5 tiic procedure described in EP 715618, WO 99/67417, US 6;248,775, and in 

Bioorganic and Oiemislry Letters, VoL 8, pp.687-690. 1998, "Potent HIV protease 
mhibitors incorporating higMffinity Pa-Ugands and (R>(hydroxyediylamino) 
sulfonamide isostere", aU of which are incoiporated herein by refereaice. In particular, 
(3R3aS,6aR)-hexahydrofuro [2,3-b] furan-3-yl (lS,2R>3-[[(4.aminpphenyl) sulfonyl] 
10 (isobutyl) arnino]-l-ben2yl-2.hydroxyprDpylcarbamate, herein referred to as compound 
of fcmntila (6), and methods for its preparation may be found disclosed m W099/67417 
(USA, The Secrctaiy, Dpt of Healtii and Human Services), and in PCT/EP03/501 76 
(TlbotecN.V.). 

15 WO03/057665 (Ajinomoto KK) relates to a process for producmg oystals of 

bcnzcncsol&namido derivatives. In particular, it jjrovidcs a crystallization for (2R,3S> 
N-(3-amino-2-hydro3Qr-4-phenyIbutyl>N4sobutyl-4-anm 

^ch is an intemiediate of interest for tiie preparation of (3R,3aS,6aR>-hexahydroforo 
[2,3-b] furan-3-yl(lS,2R>3-I[(4-aniinophenyl) sulfonyl] (isobutyl) amino]- l-benzyl-2- 

20 hydroxypropylcarbamate. This intermediate of interest is obtained according to the 
disclosure by departing fixim a (2S,3S>3-benzyloxycarbonylamino-i;2-epoxy4- 
phenylbutane, to ^ch isobuQdamine is reacted, followed by ooi^ling of p-nitro- 
benzenesolfocylchloride to yield (2R,3S)-N-(3-ben25doxycarbonylamino-2-hydroxy-4. 
phenyIbulyl)-K-isobulyl-4-nitrobenzenesulfonamide, which is simultaneously reduced 

25 and deprotected to obtain the intermediate of interest In particular, tiie route employs a 
benzyloxycarbonyl (Ojz or 25 as the amino protecting group of tte Itis 
. ji jbbscrvcd tiiat the simultaneous reduction of the nitro moiety and Cbz dcjp^qtcction in 
(2R,3S)-N<3-benzyloxycad3onylanMno-2-hydroxy-4-phenyIbutyI)-N^ 
nitrobenzenesulfonamide results in a highly exothermic reaction. Exothermic 

30 reactions, if possible, should be avoided or limited to its mininunn extent, as they are 
more difELcult for controlling reaction tenqseratures, i.e. when the reaction temperature 
would be too low, tibie reaction rate is small and a long time is required; when the 
reaction temp©cature woud be too high, tiic reaction rate is too large and insufficient 
mixing occurs, inviting nonuniform reaction, deterioration (burning) of the product 

35 formed, or unwanted side reactions may take place with the result that product 
selectivity is decreased. On the otiier hand, it is also observed that the catalytic 
reduction disclosed in WO03/057665 does not include an acid treatment. In die 
absence of an acid treatment, it is expected tiiat the catalyst employed during reduction 
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and Cbz deprotection will be poisoned with the sulfur fram p-Bitrobenzenesolfonyl- 
chiozide. A poisoned catalyst wm inevitably result into 
tims deceasing product selectivity. 

5 In order for a chemical route to be suitable for industrial scale, it should produce 

conqjounds in acceptable yields and purity while being easy and sin^ ^ 
well as cost-CEffective. As such, there has been found a new process for the synthesis of 
con^und of fonmila (6) which is amenable for industrial scale. 




10 (6) 

Iti particular, the present invention provides a convenient process for the production of 
compound of formula (6) and intermediates, addition salts, polymorphic and/or 
pseudopolymoEphic foims thereof at iadustrial scales. More in particular, the present 
invention encon^)asses a suitable roirte for the synthesis of compound of formula (6) 

15 which further benefits fix)m an improved and cost-effective CTystallization of (2R3S>- 
N-(3-amino-2p-lQrdroxy-4-phmylbutyl>N-isobiilyl-4-amino-^ with 
acceptable purities and yields. Even more in iiarticular, the present invention presents 
separate reduction and deprotection reactions encompassing an acid treatment, all 
resulting in a more controllable, selective and cost-effective jirocess. 

20 

In one embodiment, the present invention provideS'Sn improved oystrallization 
employing pH and concentration controls in defined ranges, while the crystallization by 
WO03/057665 only makes mention of heating the solution in polar solvent in order to 
inxprove the yield, or heating the solution (30-80°C) in order to dissolve the crystals 
25 i>resCTCt in the polar solvent solution in order to improve purification. 

The present invention has the further advantage of using commercially available 
starting wn^tgrial, sadi as a lK«xiranyl-2-phenyl-eaiyl-K5arbarmc acid tert-butyl estra:. 
FurthCT, die precursor of compound of formula (6), i.e. (2I^3S)-N-(3-ammo-2-hydroxy. 
30 4-phenylbutyl)-N-isobulyl--4-amino-benzenesulfoiiamide or compound of formula (5), 
may be produced as a one-pot procedure which results in an efficient utilization of the 
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reactor and the omission of intermediatB puiificadon steps. The reagents fbrtho: used 
in said process are safe and available in bulk. Furthermore, eadi step of said method is 
perfi>imed at controllable conditions and provides widi the desired conq»ound in 
optimal yields. Moreover, each step of said process is performed stereoselectively, 
5 \^ch allows the syntilicsis of pure storcoisomcric forms of the desired compounds. 

Odier objects and advantages of die present invention will become {parent ftom the 
following dialled description taken in conjunction with the accoznpanying examples. 

10 EP0754669 (Kaneka Coiporation) describes processes for producing alpha-halo 
ketones, a^ha-halohydiins and €paxidei« EP1029856 (Kaneka Corp.) discloses a 
process for the preparation of (2R3S)-3-amino-l,2-oxiiane; and EP1067125 also by 
Klaneka Corporation relates to a process for the preparation of threo-l,2-epoxy-3- 
amiiK>-4-phenyIbutane. BS11A^53 (Ajmomoto Co,, Ihc.) describes aprocess for 

15 producmg3-amino-2-oxo-l-halogenppnq>ane derivatives. In WOO 1/12599 (SamchuUy 
Pharm Co. LtcL) there is described new cthylaziridino derivatives and their preparation 
methods. WOOl/46120 (Aerojet Fine Chemicals LLC) discloses an in^rovcd 
piepaiation of 2S;3S-N-isobulyl-N<2-hydroxy-3-aniino-4-phenylbuly 
nitxobenzenesQlfonylamide iQrdrocbloiide and other derivatives of 2-hydroxy-l,3- 

20 diammes. hi W096/28418 (G. D. Searle & Co., Inc.) tiiere are disclosed 

sulfonylallfflnoylamino hydroxyethylammo sulfonamide retrovhal protease inhibitors. 
WO94/04492 (G, D. Searle & Co., Inc.) discloses alpha- andbeta-amino acid 
liydraxyetl^latnino sulfonamides usefol as retroviral protease inhibitors. W097/21685 
(Abbott) discloses foe preparation of peptide analogues as retroviral protease inhibitors. 

25 WO94/05639 (Vertex Pharmaceuticals) describes sulfonamide inhibitors of HIV-1 
aspartyi protease. 

»^ 

Detailed description of the hnventiLon 

The present mvention relates to aprocess for the preparation of compound of formula 
30 (6), addition salts, polymoiphic and/or pseudopolymoiphic foraos thereof; 
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which comprises: 

(i) iatcodiicing an isolmlylaiDino groiqi in cxmipound of fonnula (1) 




6 R1 



5 (1) 

wherein 

PG represents an amino-protectuig group; 
Ri is hydrogen or Ci-6alkyi; 
(ii) intioducing a p-nittophenyisuljfoiiyl &xmp in the resultant compound of step (i); 
10 (iii) rcdacing the nitro moiety of the resultant compound of step (ii); 

(iv) deprotecting the resultant compound of step (iii); and 

(v) coupling the resultant compound of step (iv) with a (3R,3aS,6aR>heacahydrofi3ro 
[2,3-b3 furan-3-yl denvate, to form conipound of formula (6). 

15 In one embodiment; the present invention relates to a process for preparing conqpound 
of formula (6), characterized in that said process comprises the steps of: 
introducing an isobutylamino group in conipound of fonnula (1 *); 




(!•) 

20 toobtaino(»ip<niiidoffbnni]Ia(2*); 
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introducing a p-nitroplieaiylsulfonyl group into congionnd of formula (2*) to obtain 
coniporind of formula (3 



(3-) 

5 Ksdnoingflicmtromoiclyofcoii^uiidoffiOTni^ 

(4'): 




depiotecting conqiomid of foimula (4*) to olrtain confound of formula (5); 



OH 

10 



(5r 



coupling conqiound of formnla (5) with (3R^aS,6aR>liexahydrofaEo [2^-b] fbranrS-jd 
derivate to obtain compound of :foimnla (6). 

15 The present invention thus involves processes for the jjreparation of conipound of 
formula (6), addition salts, polymorphic and/or pseudopolymorphic forms Ihereo:^ 
toough the intermediate of formula (5) 
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(5) 



Preferably, compovind of formula (5) is crystallized as a fiee-base. AltemalivBly, 
5 compound of formula (5) is ciysfallizcd as a salt wifli strong adds such as hydrochloric 
add, hydrobromic add, melhanesulfonic add, sulfuric add, oxalic add, citric add, and 
the like. Crystallization of conqxound of formula (5) inogproves its puiily and yield, bodi 
benefidal factors for the production ofcorqpound of formula (6). Alternatively, 
oomimund of formula (5) may be crystallized as a polymorphic and/or 
10 pseudopolymorpbic foim thereof. 

Preferably, compound of formula (6) is crystallized as a pseudopolymorpbic form, 
preferably as an alcdholate, more preferably as an ethanolate. 

15 Compound of formula (1) 
Compound of formula (1) is 

Ok 

O R1 

(1) 

wherein 

20 PG represents an amino-protecting group; 

Ri is hydrogen or Ci-ealkyL 

The term **amino-protecting groiq>" as used herein refers to one or more selectively 
removable substituents on the ammo groiq> commonly employed to block or protect th« 
25 amino fimctionaHty against undesirable side reactions during synthetic procedures and 
includes all conventional amino protecting groups. Examples of amino-protecting 
groups include the urediane bloddng gcot^ such as t-butojqr-carbonyl CBoc"), 
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2-(4-bipheaylyl)propyl(2)o3qrcaAonyl ("Bpoc"), 2-ph6iorlpropylC2)cHcyoarbonyl 
CPoc"). 2-(4-XCTyl)isopropoxycarboiqa, isopropaxycarbonyi, l,l-dipheiqdefliyl(l> 
oxycarboi^ l,l-dJpheny^»ropyKl)<»ycarboiiyl^ 

oxycarljoiiyl ("Ddz"). 2-(p-5-tolayi)piopyi(2)oxycaiboiiyl, l-methylcydopentanyloxy^ 

5 cafbonyl, cyclohcxanyloxycarbonyl, l-mcfliylcyclohoxaayloxycarbanyl, Z-mo&yl- 
cycloheaianylojQraatbonyl, eflioxycarbonyi. 2K4-tDlttylsulfony0eliKKycarboiQd. 
2<inc%l8iilfoiQfl)-eaKwyoari>oiq^ 2Ktt^henylpliosphino)-eaiaKycarbo0yl, 
9-fluoroenytaietiti03Qrcarboi^l ('Tmoc"). 2-(trimethylsayl)e&oxycafbonyl, 
aUyloxycarbonyl, l-(tiimethylsaylmefliyl)prop-l-enyloxycarboiiyi, 5-benzisoxalyl- 

10 meflioxy<arbonyl,4-aceto3q*en2yloxycarb<myl.2^;2-tri^ 

tribromoeliioxycarboiiyl. 2-etlQrnyl(2)pKqj<wycarbonyl. cycloprqpybneliioxycaibonyi. 
isobomyloxycaibonyl, l-piperidyloxycarbonyi,benzyloxycarbonyl ("Z" or "CtefO. 
4-phenyIbenzyloxycarboiiyl, 2-meflylbenzylo3^-caibaiiyl. a-2,4^,-tetramefliyl- 
benzyloxycafbcmsd ("Tniz"), 4-inefliojq*6nzyloocycaiboD5ri, 4-ftuoiobeiizylaxy- 

15 carboiQrl, 4-diloiobfflizylo3qrcarb(myl, S-chlorobenzyloxyoarboi^rl, 2-chlorobenzylo3q^- 
carbonyl, didiloiobcnzyloxycarbonyl, 4-bromobcaizyIoxycarbonyi, orfho-bromobcnzyl- 
ojcycarbonyl, S-bromobenzylojtycaibcmjd, 4-nitrobraizyloxycaibonyl, 4-cyaiiobcnzyl- 
axyoarbonyl, 4-(decyloxy)beiizyiaxycarboiiyl, and like; Ac beazoylmefliylsiilfi»iyl 
giot^ ditliiasucoinoyl("Dt8-) paap, the 2-(iiitro)pheii3dlsulfenyl group ("Nps"), ihe 

20 diphenylphosphine oxide groTjp, and the like. The species of amino-protecting groi^ 
CTq)loyed is usually not raitioal so long as the derivatized anaino groi^ is stable to the 
condilians of the subsequent reactions and can be removed at the q>propriatepcMnt 
without disrapting the remainder of tiie coropaand. 

25 Additional examples of amino protecting groiq)S inchide phenylacetyl, fomqrl CTor^, 
trityl (Trt). acetyl, triflooroacetjd (TVA), trichknoaceQrl, didhloroacetyl. cUoroacetyl, 
bromoacctyl, iodoacctyl, benzoyl, tcrt-amyloxycarbonyl. trat-butojQrcarbonyl, 
3,4-dimelhoxybenzyioxycarbonyl, 4-(phenylazo)benzyloxycarbonyl, 2-fuifeiyloxy- 
carbonyl. diphenybnethajqrcarbonyi, 1,1-dimethyipropoxycafbonyl, phdialyl or 

30 pbtfaalimido. sucdnyl, alanjd, leucji, and g-quinolyloxyoarboiqrl, benzyl, 

dqibenylmetbyl, 2-ni1iophenylthio, 2,4- dinitrophenylthio, methanesul&nyl, para- 
toluenesulfbnyl,N,N-dimethylaminom«rthylene, benzylidene, 2-hydroxyben2yUdene. 
2-hydro3Q»^5-chloiobenzyUdene, 2-hydcoxy-l-naphthylmettiyUaie, 3-hydroxy4- 
pyrid^lmethylene, oyclohexylidene, 2-elhoxycarbonyl<qw5lobeocyUdene, 

35 2-etho3^arbonylcyclopentyUdene, 2-acetylcyclohexylidene, 3,3-dimetiiyl-5- 

oxycyclohexyUdene, diphenylphosphoryl, dibenzylphosphoryl, 5-melhyl-2-oxo-2H- 
U-dioxol- 4-jd-melh5d, trimethylsilyl. trietiodsUyi, tr^henylsilj*, 2-(p-biphen3d)-l- 
methylBdioxycaibonyl. diisopropytaielhoxyoaiboiQrt, cyolopenljitoKycaibonyl, 
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adaiiiaxitylaxycarboii3d, tripihenylmeflxyU trimetliylsilane, pheiiyltiiiocaibQiryl^ paia- 
nitrobenzylcarboByL 

Oflier ammo protecting groiq)S include 2,7-di-t-butyl-[9-(10,10-dioxo-l 0,10,10,10- 
5 tctcahyd]x>tbio-xanthLyl)]mcthyloxycarbonyl; 2-trimcthylsilyicti^loxycarbonyl; 

2*-phenylc£hylaxycaibQnyl; l9lH3imetibyl-2,2-dibixnnoefhylo3Qrca]^ 1-metibyl-l- 
(44npheny]yl)ediyloxycarboi]yl; p-mtcobenzyloxjrcarbonyl; 2-^tolaeaesulfi>nyl)- 
edryloxycafbonyl; m-chloro-p-acyloxybenzyloxycarbonyl; 5-benzyisoxazolylmediyl- 
oxycarbonyl; p>(dihydroxybQiyl)benzyioxycarbonyl; m-nitrophenyloxycazbonyl; 

10 o-nitEobenzylaxycaibanyl; 3,5-dimelfaoxybenzylox3rciboiiyi; 3,4-dimethoxy-6- 

mtroben2yloxycarbonyl; N^-p-toluencsolfonylaminocarbonyl; t-amyloxycafbonyl; 
p-decyloxybenzyloxycaibonyl; 2^-diinethoxycarboTiylvinyloxycarbonyl; di(2- 
pyri<fyl)metbyloxycarbonyl; 2-&ranylmetfayloxycazbonyl; ditfaiasuccinmiide; 
23SH3iniethy^yiTole;S-dibenzylsaberyl; and, methanes^ Preferred amino- 

15 protecting groiq> is Boc. 

Further examples of amino-protecting groups are well known in organic synthesis and 
Ifae peptide art and axe desciibedby, fbr example T. W. Greene andP. G. M. Wuts, 
Protective Groups in Organic Synthesis, 2nd ed,, John Wil^ and Sons, New York, 

20 Chapter 7, 1991 ; M. Bodanzsky, Principles of Peptide Synthesis, 1st and 2nd revised 
ed., Springer-Verlag, New York, 1984 and 1993; Stewart and Young, Solid Phase 
Peptide ^mdiesis, 2nd ed.. Pierce Chemical Co, Rockfbrd, IL 1984; L. Fieser and M. 
Fieser, Fieser and Fieser's Reagents for Organic Synthesis^ John Wiley and Sons 
(1994); L. Paqaette^ ed. Encyclopedia of Reagents for Organic Synthesis^ John Wiley 

25 and Sons (1995). Suitable amino protecting groups are also given in e.g. WO98/07685. 

The tcm^)*^i-6alkyl" as a group or part of a group defines straight and branched . 
chained saturated hydrocarbon radicals having from 1 to 6 carbon atoms such as 
methyl, ethyl, isopropyi, butyl, pentyl, hexyi, 2-methyIbutyi, 3-methyipentyl and the 
30 like. 

Preferably compound of Simula (1) is compound of formula (1 ') as shown below 
wheicin PG is a tert-butyloxycarbonyl or **Boc^, and Ri is hydrogen. Compounds of 
formula (1) and (1 ') are comme r cially available and may be prep a red in several ways 
35 available in the literature, for example as described in WO95/06030 (Searle & Co.), as 
desoibed by Kaneka Corporation in EP0754669 EP1029856 and EP1067125, and as 
disclosed by AjinomotoKBl in EP1081133 andEP1215209. 
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H ^ 



Compound of formula (2) 
S rVrrnprnmH nf formnla (1) is subjected to an wmination on the epoxide to 

compoond of fbtmnla (2). 



PG 




amination 



PG, 



JO 



R1 OH 



NH 



(1) 



(2) 



10 



Hie tsnn "aminadon" as used herein refers to a process in "wtdch a primary amine, 
isobulyiainine, is introduced into the organic molecule of formula (1). Amination of 
compoimd of formula (1) may be accomplished in several ways availahle in the 
Uterature, for example as described in WO95/06030, which is incorporated herein by 
15 refbrence. 

In a preferred embodiment, compound of formula (1*) is reacted with isobutylamine to 
yield compound of formula (2'). 



Isobutytamlne 



20 





(20 



wo 2005/063770 



-11- 



PCT/EP2004/053692 



Ammalion of epoxides is described ftx instance in March, Advanced Oxganic 
Chemistry 368-69 (3rd Ed. 1985) and McManus et al^ 3 Synth, Comm. 177 (1973), 
^Kdiich are incorporated herem by reference. Suitably, coroypounds of formula (2) and 
5 (2') may be prepared according to the procedure described in W097/1 8205. 

The animation agent, isobutylamine, may fiinction as well as a solvent, in which case, 
an excess of isobutylamine will be added. In odi^ embodiments, the amination process 
is performed in die presence of one or more solvents oHi^ than isobutylamine. hx a 
10 prefer red embodimenl^ said solvents are used in the work-up of compounds of formula 
(2) and (2'). 

Suitable solvents include protLc, non-protic and dipolar ^protic organic solvents sudi 
as, for example, those wherein the solvent is an alcohol, such as methanol, edianol, 
15 isoprqpanol, nrbutanol, t-butanol, and the like; ketones such as acetone; ethers such as 
diethyl ether, tctrabydrofuran, dioxane and the like; esters such as ethyl acetate; amines 
sucdi as tciethylamine; amides such as N^-dimcthylfomianiide, or dimethylacetamid^ 
dblocinated solvents such as didiloromethane and other solvents sudi as toluene, 
dimethyl sulfiixide^ acetonitrile, and mixtures thereof. A prefmed solvent is toluene. 

20 

Conveniently the reaction can be conducted over a wide range of tcnqjeratnres, e.g., 
fix>m about -20''C to about 200*'C, but is preferably, althoug£h not necessarily, 
conducted at a temperature at which the solvent refluxes, i.e. between 40°C and 100°C, 
more preferably between 60*'C and 90*'C. 

25 

Suitably the ratios of equivalents between the confound of formula (1) and the 
amination agent may range from 1 : 1 to 1 :99, respectively. Preferably, the ratio of 
equivalents between the coropound of formula (2) and the amination agent is fnom 1 :5 
to 1:20, more preferably the ratio is &om 1:10 to 1:15. 

30 

In an embodiment of the invention, the amination reaction is carried out in the presence 
of about 1 5 equivalents of isobutylamine, using toluene as solvent, and heating to 
reflux at about 79''C. 

35 Compounds of formula (3) 

Confound of formula (3) is prepared by introducing the sulfonyl moiety, p- 
nitrobenzene-S02, into the intermediate of finmula (2). 
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(2-) (30 

As such, compoiiixds of fbrmula (2) and (T ) will react with a sulfoiqdatmg ag^t to 
10 tnmsfomL into conopounds of finaxmla (3) and (3')- 



The tBtm "sulfonylation" as used heiein refers to a process in which p-nitrobenzenB- 
solfcmyl moeily is introdnced into the or^^nic molecule of formulas (2) and (2*). The 
term "salfonation*' as used herein refers to a process in which a sulfonylating agent is 
15 prepared. The tcnn "sulfonylating agcnf* is rcfcrajd to p-nitrobcn2xmc- 
derivatives, such as p-nitrobenzenesulfon^l halodeiivatives. 

The sulfonylaling agents, and in particular p-nitrobenzenesulfonyi haloderivatives, can 
be prepared by the oxidation of thiols to sulfonyl chlorides using chlorine in the 

20 presence of water under carefiiUy controlled conditions. Additionally, solfonic acids 
may be converted to sulfonyl halides using reagents suchas PCI5, and also to 
anhydrides using suitable dehydrating reagents. The sulfonic acids noay in tum be 
prepared using procedures well known in the art. Such sulfonic acids are also 
commax^ally available. Sulfbi^lating agents may as well be prepared by the 

25 sulfbnation procedures described in "Sulfonation and Related Reactions", by E. E. 

Gilbert, R. E. Kricgcr Publishing Co. Huntington, N.Y. (1977), "Mechanistic Aspects 
of Aromatic Sulfonation and Desulfonation", by H. Cerfontain, Interscience Publishers, 
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NY (1968), and in US6455738, •'Process for the sulfonation of an aromatic coxspaund'', 
all incorporated herein by sefbrence. 

Hie tieatment of confounds of fbnnula (2) and (2') wilh the siilfonyladng agent can be 
5 carried out in the presence of a solvent under heating, ajiproximately between 25 ^ to 
250^ C, preferably between 70^ and lOO^C and agitation. After the scJfi^nylation, any 
remaining snlfon^iating agent or salts are preferably, although not necessarily, removed 
ftom the reaction mixtore. Hiis rmioval can be acconq)lLshed by repeated washing 
with water, change of pH, separation of organic and aqueous phases, oltcafiltration, 
10 reverse osmosis, centrifbgation, and/or filtration or the Hke. 

The compounds having formula (3) and (3*) arc prepared by reacting a sulfbnylating 
agent "with intermediates of formula (2) and (2') in suitable solvents under alkaline 
conditions. Suitable alkaline conditions include conventional non-nucleqptdlic 

15 inorganic or organic bases and/or acid scavengers. Conventional non-nucleophilic 
inorganic or organic bases include, for cxan^ic, hydrides, hydroxides, amides, 
alcoholates, acetates, carbonates, or hydrogen carbonates of alkaline earth metals or 
alkali metal hydrides su<^ as» far exanqile, sodium hydride^ potassiiun hychide or 
calcium hydride, and metal amides, such as sodium amide, potassium amide, lithium 

20 diisopropylamide or potassium hexamelhyldisilazide, and metal alkanes such as sodium 
methylate, sodium ethylate, potassium tert-butylate, sodium hydroxide, potassium 
hydroxide, ammonium hydroxide, sodium acetate, potassium acetate, calcium acetate, 
ammonium acetate, sodium carbonate, sodium bicarbonate, potassium carbonate, 
potassium bicarbonate, cesium carbonate, potassium l^rdrogen carbonate, sodium 

25 hydrogen carbonate, or ammonium carbonate, and also basic organic nitrogen 

conqiounds such as, trialkylamines, like trimetliylamine, trietbylamine, tcibutylamine, 
NJ^-dimcthylanilinc, K JNT- dimcthylrbCTzylaminc,NJ^J-diisopropylcthylaminc, 
pyridine, l,4-diazabicyclo[2^.2]-octane(DABCO), l,5-diazabicyclo[43.0]-non-5-ene 
(DBN), or 1,8- diazabicyclo[5.4.0]-undec-7-ene (DBU), or an excess of an ^propriate 

30 piperidine compound may be used. Preferably trieflQrlamine is used. 

Suitable solvents have been illustrated in the preparation of formulas (2) and (2') 
above, being inert solvents preferred, such as fbr exanxple totaeiie, ethylacetate, 
methylene chloride, dichloromethane, and tetrahydrolUran. 

35 

Convenientiy, the ratios of equivalents, calculated fiom conq)Ounds of formula (1) or 
(1 ')> and the sulfonylating agent range fiom 1 :1 to 1 :3, respectively. Preferably, tiie 
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ratio of eqoivaleiite between die compounds of fomiula (1) or (1') and Ibe sulfonylating 
agent is ftom 1:1 to 1:2, more preferably die ratio is aicimd 1:1.15, 

Compoimds of formula (4) 

Compounds of formula (4) and (4') arc obtained by reducing the nitro moiety of 
intennediatBS of fonnula (3) and (30 respectively wftb a reducing agent, optionaUy 
under a Iqrdiogen atmosphoK. 





10 (?) 

Redadng agente suitable for redocslion of Hie nitro moiety are metallic redaong 
reageats such as boiane complexes, diborane, sodium borohydride, Ufliium 
boiohydride, sodium barohydtide-LiO, aluminomliaiiTOnliydride, or 

15 diisobuJylataminiuml^ydride; metals soift as iioo, zinc, 

metals such as paUadium-oarbon, platinum oxide, Raney-nickel, rhodium, ruflienium 
and the like. When catalytic redaction is appUed, ammonium formate, sodium 
dihydro^phosphate, hydrazine may be used as Ihe faydrogen source. 

20 Solvents suitable for the reduction of the nitro moiety may be selected ftom water, 

alcohols, such as methanol, cfibanol. isopropanol. tcrt-butyl alcohol, esters such as ofliyl 
acetate,' amides such as dimefliylformamide. acetic acid, dichloromethane. tolu6fiB, 
xylene, benzene, pentane, hexane. hqptane, petrol eflier, 1,4-lhioxane, diethyl ether, 
diisopropyl e&er, tetrahydroforan, l,4^oxane, 1.2-dimetii03dethane. dimethyl 

25 sulfoxide, or mixtures thereof M general any solvent susceptible to being used m a 
chranical reduction process may be used. 

Said reduction step can be carried out at temperatures that range between -78 "C and 55 
"C, preferably between -10° and SO'C, the preferred temperatures lying between 0°C 
30 and 50"C, more preferably between 5«C and 30«»C. The reaction time may range fix)m 
30 nrimites to 2 days, mote suitably from 1 hour up to 24 hours. Accordingtoa 
proforrod cmbodimcnli the reduction ebcp is performed using palladium on charcoal 



wo 2005/063770 



PCT/EP2004/053692 



-15- 

suspeaided in metbanoL In another preferred embodimeot, an additional amount of 
diarcoal may be eoqiloyed. 

The ratios of equivalents between compounds of formula (3) or (3'), and hydrogen 
5 range from 1 :1 to 1:10, respectively. Preferably, the ratio of equivalents between the 
con^unds of formula (3) or (3') and die hydrogm is from 1:1 to 1 :5, more pn^mbly 
the ratio is around 1:3. 

Compoiinds of formula (5) 

10 Con:pound of formula (5) is obtained by deprotecting the intmnediates of formula (4) 
and (4*) under conventional acidic conditiaiis. Alternatively baac conditions may be 




<4) (5) 



15 

Removal of the amino-protecting-group can be achieved usmg conditions which will 
not affect the remaining portion of the molecule. These methods are weU known in the 
art and include acid hydrolysis, hydrogenolysis and the like, thus using commonly 
known acids in suitable sotvents. 

20 

Exan35)les of acids employed in the removal of the amino protecting group include 
>r^v iiKjrganic acids sudti as hydrogen chkiride, nitric acid, hydrocMoricaiad,sn^ 
and phosphoric acid; organic acids such as acetic acid, trifluoroacetic acid 
methanesulfonic acid and p-toluenesulfonic acid; Lewis acids such as boron trifluoride; 
25 acidic cationic ion-exchange resins such as Dowcx SOW™. Qf diese adds, inor^nic 
adds and organic acids arc prcfrarcd. Hydrochlorio add, sulfriric acid, phosphoric add 
and trifluoroacetic add are mote preferred, and hydrochloric acid is most preferred. 

The solvent employed during the deprotection of intermediates of formula (4) and (4') 
30 is not particulariy limited provided tiiat it has no adverse effect on the reaction and 

dissolves the starting materials to at least some extent Suitable solvents are aHphatic 
hydrocarbons such as hexane, heptane and petroleum ether; aromatic hydrocarbons 
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sudi as benzene, toliiaie, xylene and mesitylene; halogenated hydrocarbons such as 
melhylene chloride, ddorofbim, carbon tetrachloride and dicMoroefliane; ethers such as 
diethyl ether, tetrahydrofiran, 1,4-dioxane and i;2.dmiethoxyethane; alcohols sach as 
methanol, edianoL, propanol, isopropanol and butano^ esters such as methyl acetate, 
5 ethyl acetate, methyl propionate and ethyl propionate; nitrites such as acctonitrilc; 

amides sudi as N,N-dimed^lformamidc andN,N-dmietiQrlacetamide; sulfiaddcs sudi 
as dhnediyl sulfoxide ai^ mixtures 1hereo£ Aromatic hydrocarbons, alcohols and 
estCTS are preferred. Alcohols and water are more preferred, and water, isopropanol, 
etfaanol and methanol are particularly preferred. Mixtures of methanol, water, and 
10 isopropanol or ethanol, and mixtores of ethanol and water are also preferred. 

The reaction temperature employed depends upon various iactois such as the nature of 
the starting materials, solvents and acids. However it is usually between -20° C and 
150** C, and is preferably betwcm 30' C and lOO^'C, even more preferably at a 
15 temperatme of reflux. The reaction time employed depends on the reaction 

tcn^aratorc and the like. It is lypicaUy ficom 5 mmutcs to 72 hours, and prcfisrably 
fiom 15 minutes to 4 hours. 

Bxan^les of reagents and methods for deprotecting amines fipom ammo protecting 
20 groups can additionally be found m Protective Groups in Organic Synthesis by 

Theodora W. Greene, New Yodc, John Wttey and Sons, Inc., 1981, incorporated herem 
by reference. 

As those skiUed in the art will recognize, the choice of amino protecting groiq> 
25 employed in a previous step of the process will dictate the reagents and procedures 
used in removing said amino protecting group. 

The ratios of equivalents between the compounds of formula (3) or (3') and the acid in 
solvent may range from 1:2 to 1:50, respectively. Preferably, the ratio of equivalents 
30 between the con^unds of fbrmula (3) or (3 ') and the acid is fiom 1 :2 to 1 :8, more 
pref<acably the ratio is around 1:2. 

In a preferred embodiment of the present invention, compound of formula (5) is 
cfy^lized. Ciystallization of compound of formula (5) is performed by dissolving 
35 conqjound of formula (5) in a solvent system, adjusting tiie pH of tiie solution and 
adjusting the concentration of tiie compound of formula (5). Alternatively, seed 
crystals of compound of formula (5) maybe added. 
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The solv6i3t system used in the ciystallization may comprise one or more water- 
misciblc solvents and water, or altOTiatively, the solvent system congirises one or more 
<water-immis(nble solvents and water. 

5 Examplcss of watcr-misciblc solvents cnconqiass C1-C4 alcohols such as methanol, 
eflianol, n-propanol, isoprqpanol, n-hutanol, isobutanoU cyclic eOiers sudi as 
tetralq^drofaran or dioxane; amides such as dimeOqrl&rmamide, dimethylacetamide, 
N-mefli5dpyiroKdone; dimethylsulfoxide, acetonitrile; a mixture of the abovementioned 
solvents with one anothi^- or a mixture with water; or water itself. 

10 

Examples of water-immiscible solvents are hydrocarbons such as pentane, hexane, 
cyclohexane, mcthylcyclohexane, heptane, tohienc, xylene; C4-C8 esters such as 
methyl formate, ethyl formate, methyl acetate, ethyl acetate; C4-C8 ethers such as 
diethyl ^er, terfr-bulyl methyl ether, isoprqpy^ etiher; chlorinated solvents such as 
15 methylene diloride, didWoromefliane, chloroform, dichloroethane, chlorobenzene; or a 
binary or multiple mixture thereof. When such watcr-immisciblc solvents arc used, 
conq)ound of formula (5) will be isolated by separation of the organic and aqueous 
phases. 

20 A4*ustment of concentration of compound of formula (5) maybe accomplished by the 
addition of water or other soitable solvents, or by evaporation, distillation of the 
solvmt, or any other equivalent concentrating techniques. In a preferable 
ocystallization, compound of fomiula (5) is kept at a concentration between 0.1% and 
40% (w/w), preferably between 1% and 30%, more preferably between 2% and 20%, 

25 even more preferably between 4% and 15% w/w. 

Monitoring or in-procc»s control of the values of concentration of con:rpound of 
formula (5) in solution may be performed by any method known to the skiUed in the 
art, such as for example, by HPLC chromatography, measurement of density, titration, 
30 and the like. 

Preferably the solvent used during crystallization of compound of formula (5) is the 
same as the solvent used during deprotection of intermediates of formula (4) or (4')- 
Altemativ^y, when more than one solvent is used, one or more of the solvents used 
35 during crystallization of compound of formula (5), axe the same as one or more of the 
solvents used during deprotection of intermediates of formula (4) or (4')- 
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Adjustment of the pH of tibte solution containing compound of formula (5) maybe 
accomplished by the addition of basic conn^unds, such as sodium hydroxide* sodium 
carbonate, potassium l^droxide, lithium hydroxide, ammonia, iQrdrazme, calcium 
hydroxide, methylamine, ethylamine, aniline, ethylenediamine, triethjdamine, tetiaethyl 
5 ammonium hydroxide, a C2-C1 8 amine, a C4 -CI 8 ammonium hydroxide, sodium 
methoxide, potassium methoxide, a C1-C4 organic base, any of Ihe bases listed above, 
and mixtures Iheieof pH of tiie solution containing compound of formula (5) will be 
maintained in the basic ranges preferably at a pH higher than 7, more preferably at a pH 
higher than 8, and evm more prefembly at a pH higher than 9. 

10 

In one mibodimeni; afte addition of the base the suspension is ftffther stirred during 1 
hour to 48 hours, ineteably during 1 to 1 0 hours, more preferably during 1 to 5 hours. 

Woridng ten^eratures employed during precipitation of compound of fbrmula (5) may 
15 range between -20** and 50*»C. I^erably, working tenqieratures during precipitation 
may range between -15°C to lO^'C, even more preferably between -10*'C and lO^^C, 
most preferably around 5°C. In another embodiment, compound of formula (5) is 
collected by centrifogation and dried in vacuum at around 65°C- 

20 A preferred crystallized compound of formula (5) is the ftee base. Alternatively, other 
suitable compounds are those crystallized compounds of formula (5) in a salt form, 
wherein the salt is selected from hydrochloride, hydrobromide, trifluoroacctate, 
fumarate, diloroacetate and metfaanesulfona t e, and tiie hke. 

25 fatennediates of formula <5) are also active inhibitors of retrovirus proteases. 

C3R^aS,6aR)-bexaliydrofvFO [2^-bl fiu»n-3-yl deiivate 

(3R,3aS,6aR)-hexahydrofuro [2,3-b] furanr3-ol and precursors tiiereof, may be 
syntfaetised as described in WO 03/022853. (3R,3aS,6aR)-he«ahydrofuro [2,3-b] 

30 furan-3-ol and precursors thrareof are suitably activated with coi^ling ag^ to 

generate a (3R,3aS,6aR)-hexahydroftiro [2,3-b] fbran-3-yl derivate which may undrago 
carbamoylation with compound of formula (5). Activation of (3R,3aS,6aR)- 
hexahydrofbro [23-b] furan-3-ol and precursors thereof witii the coupling agent 
preferably occurs before the cor5)ling witii compound of fbrmula (5). Smd activation 

35 of (3R,3aS,6aR)-hexahydrofero [2,3-b] furan-3-ol and precursors thereof and their 
cockling to compound of formula (5) has the additional advantage to be a one^pot 
procedure, since isolation of the activated intermediate is not necessary. 
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Precnreors of (3R,3aS.6aR)-hexahydrofuro [2^-b] fiiraii-3-ol are Aose compounds 
where the oxygen of the alcohol ftmction is protected wMi O-protecting groups, sucfa as 
t*otyl efljer CBoO, acetates, benzyl groups, ben23fl etheis, allyls, silyl protecting 
grotQis such as tert^nlyidimefliylsayl (TBS), trimethylsilylethoxymetl^ (SEM). 

5 alkoxyaIkylgroi)5)8 8Uchasmclhaxyca»oxymolhyl(MEM),mcaioxymcayl^ 

tetrahydropyranyl(THP),tetrahydropynmyl (THE), and the like. Where precnisots of 
^R,3aS,6aR)-heMlQrdrofuro [2,3-b] feran-3-ol are emqiloyed, deprotection maybe 
accon^lished prior to the coupling or in situ. Removal of the alcohol protecting groiqjs 
may be achieved in acidic or basic conditions, being acidic conditions preferred, 

10 Protectinggroi5>sareweUknawnintheart,seefi>rexampleGreene,T.W.Protective 

Qtovps in Organic Synthesis, John Wiley and Sons, Inc. New York, 1991 . 

Alternatively, (3R,3aS.6aR>hexahydr0£hro [2,3-b] £hran.3-ol and precursors thereof 
may be obtained through a dynamic diastereoseleclive resolution of a racemate mixture 

15 of hexahydrofuro P^-b] fhran-3-ol- In such a case, the lacemate mixture is submitted 
to the action of certain enzymes such as porcine pancreatic Upasc. Candida cyUndraoca, 
pancrealin, and the like, in the presence of suitable soh«5nts and reagents sudi as acetic 
anhydride, and vinyl acetate. This altemalive route allows the hi sitei production of the 
desired (3R,3aS.6aR)-hexahydrofiiro [2,3*] feranr3-ol enantiomer, whidi canbe 

20 convenienUy activated in a one-potprocedore; the undestoed stereoisomer is blocked or 

readered inert 

Examples of coupling ag^ used in carbamoylation reactions are carbonates such as 
his-(4-mtrophenyl)carbonate, disuccinimidyl carbonate (DSC), carbonyl diimidazole 
25 (GDI). OfliercoiflpUng agents indadechlorofijrmates, such as p- 

mtrophenylchkwofbrmate, phosgenes such as phosgene and triphosgene. 

In particular, when the (3R3aS.6aR>hexahydrofiaro [2,3-bl &ran.3-ol is processed 
with disuccinimidyl carbonate, l.([[(3R3aS,6aR)hexahydro£bro[2,3-b]ftran-3- 
30 yloxy]carbonyl]oxy)-2,5-pyrrolidmedioneisobtahied. Said compound is a preferred 
(3R,3aS,6aR)-hBxahydrofiaro (2,3-b] fiiranr3-yl derivste. 
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For flie activation of iJie (3IUaS,6aK)-hexahydrafcro [2^-b] furanrS-ol and precursors 
tiseceof witii a coiqiling it is leconimented flmt the alcohol is pceseiit at a 
conoenliationbetwBen 1% and 20% (wA(0,pirfi5rably at a concenHation between 2% 
and 15% (w/w). moie preferably at a concentration betveeen 4% and 10% (wAkt). 

5 

Reaction of (3R^aS,6aR)-h«!xahydroftiro [2^-b] fiiran-3-yl deiivate -wflh compound of 
fiumula (5) wiU be performed in the presence of suitable solvents, sudi as 
t^iahydioftiran, dimethylfomiamide, acetonitrile, dioxane, dichloromefliane or 
chlorofonn, and optionally with bases, such as triefliylamins althou^ ftoba: 
10 cominationsftom the solvents and bases hereinabove disclosed are also embodied. 

Among the sohrenls, preferred solvents are apiofic solvents socii as tetrahydrofbran. 
acetonitrile, dimel hylfor mamid^ ethyl acetate, and ti»e like. 

In one embodiment, during flie coupling of (3R^aS,6aR)-hracahydrofero [23-b] feran- 
15 3-yiderivatewiflicon5)oimdoffonrada (5), said derlvate is prasrat at a concentration 

between 1% and 15% (w/w), preferably at a concentration between 5% and 12% (w/w), 
more preferably at a concentration betwoem 8% and 12% (w/w). 

Carbamoylationxeacdon is suitably carried out at a teniperature between -70' and 
20 40»C, preferably betwerai -lO'C and 20^. 

The compound obtained ftom tiie cot5)ling of (3R3aS.6aR)-hexaliydrofero [2,3-b] 
ferai>-3-34 derivate wifli con^mund of formula (5) is compound of formula (6). 
Compound of formula (6) will preferably be solvated wifli alcohols such as etiianol, 
25 meflianol, being the etiianolale solvate form preferred. Solvation of compound of 
formula (6) is described in PCr/EP03/50176 (TiboteoN.V.). which is incorporated 
herein by reference. 



OH 
(6) 




30 
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Li eadi of Ihe picparations presented above, the reaction products, for instance 
compoiinds of fannula (3). (3'), (4), (4'), (5) and Ae end product compound of foimula 
(6) may be isolated fimm the reaction niedinm and. if neceraary, 

according to methodologies generaUy known in the art such as, for exan^le, cKtraotion, 
5 ccystallization. distillation, tritauation and dnomatogt^hy. 

For diecapeotic use, Ihe salts of the oompoonds acomding to die invention, are those 
\vfaBcem the counter-ion is pharmaceudcaUy or physiologjcally acceptable. However, 
salts having a pharmaceutically unacceptable counterion may also find use, for 
10 example, in Ihe preparation or purification of a lAannaoeulically acceptable confound 
of the present nwention. AU salts, whc^ho-pliarmacewticalty acceptable 
included witfain the ambit of the present invention. 

The pharmacaitically accqjtable salts of die conqpounds according to Ae invention, Le. 

15 in die form of water-, oil-soluble, or dispersiblB products, indude die conventional non- 
toxic salts or the qpatcxnary ammonium salts whidi arc formed, eg., fixjm inorganic or 
organic acids or bases. Examples of sudi acid addition salts include acetate, adipate, 
al^te. aspartate, benzoate, benzenescdfimate, Insulfide, bulyrate, ratrate, can^horate, 
camphorsulftmate, cyclopentanqpropionate, di^bnconatB, dodecjfisolfete, 

20 etiianesulfonate, fumarate, glucoheptanoate, glycerophosphate, hemisulfete, heptanoate, 
hexanoate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonatB, 
lactate, maleate, mcflianesulfonate, 2-naphtiialcoesulfonate, nicotinate, oxalate, 
phosphate, pamoate, pectinate, pecsul&te, S-phenylpropionate, piciate, pivalate, 
propionate, succinate, tartrate, Ifaiocyanate, tosylate, and undecanoate. Base salts 

25 include ammonium salts, alkaH metal salts such as sodium and potassium salts, alkaline 

earth metal salts such as calcimn and magnes i um salts, salts witii organic bases such as 
dicjfclohcaqrtaminc salts. N-mcd^l-D-gJncaminc, and salts witii amino acids such a 
sarginine. lysine, and so forfh. Also, the basic nilrogen-containing groups may be 
qoalBrnized witii sudii agents as lower alkyl halides, such as methyl, ethyl, propyl, and 
30 butyl cmoiide, bromides and iodides; diidkylsulfetes like dfanediyl, diethyl, dfliu^ 
and diamyl sulfites, long chain haKdes such as decyi, lauryl, nqwistyl and stearyl 
chlorides, bromides and iodides, aralkyl halides like benzyl and phenetiiyt-bromides 
and ofltos. Oflirar pharmaceutically acceptable salts include the sulfete salt eflianolate 
and sulfate salts. 

35 

The term "polymorphic fonn" refers to the property of compounds of formula (5) and 
(6) to exist in amorphous form, m polymoiphio form, in crystalline form with distinct 
structures varying in crystal hardness, dM5»e and fflze. Hic diflfeent «ystalline forms 



wo 2005/063770 



PCT/EP2004/053692 



-22- 

can be detected by crystallographic techniques or indirectly by assessment of 
differences in physical and/or dicmical properties associated with each particular 
polymoipb. The different polymorphs vary in physical ptppertles such as solubility, 
dissolution, solid-state stability as well as processing behaviour in tenns of powder 
5 flow and cooapaction daring tablctting. 

The terms "ps«idopolymorphic form" or "solvates" refer to aggr^ates that consists of 
molecules of conqiound of formula (6) and salts thereof entr^ed or coiE^lexed with 
solvent molecules, on a mol/mol basis and at various degrees of solvation. 

10 

The intermediates according to the invention may also exist in Ihdr tautomeric forms. 
Such forms, although not explicitly indicated in the compounds described herein, are 
intended to be included within the scope of the present invention. 

15 Pure stereoisomeric forms of the conq[K>unds and intermediates as mentioned herein are 
defined as isomers substantially free of other enantiomeric or diastcroomcric forms of 
the same basic molecular structure of said compounds or intermediates. In particular, 
the term "stereoisomaically pure" concerns compounds or intermediates having a 
stereoison«ic excess of at least 80% (L e. minimum 90% of one isomer and maximum 

20 10% of the other possible isomers) up to a stereoisomeric excess of 1 00% (i. e, 100% 
of one isomer and none of the other), more m particular, compounds or mtennediates 
having a stereoisomeric excess of 90% up to 100%, even more in particular havmg a 
stereoisomeric excess of94%iq» to 100% and most inparticular having a 
stereoisomeric excess of 97% up to 100%. The terms "enantiomerically pore" and 

25 "diastereomerically pure" should be understood in a similar way, but then having 

regard to the raantiomeric excess, respectively the diastereomeric excess of tiie mixture 
in question. 

Pure stereoisomeric forms of the compounds and intermediates of this invention may 
30 be obtained by the appKcation of art>-known procedures- For instance, enantiomers m^ 
be separated from each otiier by the selective crystallization of their diastereomeric 
salts with optically active acids or bases. Examples thereof are tartaric acid, 
dibmzoyltartaric acid, ditoluoyltartaric acid and canqjhosulfonic acid. Alternatively, 
enantiomere maybe separated by chromatographic techniques using chiral stationary 
35 phases. Said pure stereochCTaically isomeric forms may also be derived from the 
corresponding pure stereochemically isomeric forms of the q>propriate starting 
materials, provided that tiie reaction occurs stereospecifically. Preferably, if a specific 
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10 



sfcereoisomea: is desired, said compound wiU be synliiesized by steteospedfic processes. 
These processes will advantageously OT^jloy enantiomcsrically pure starting materials. 

The diastereomeric racemates of the confounds and intennediates of tins invention can 
be obtained separately by conventional methods. Appropriate physical separation 
methods which may advantageously be en^loyed are. for cacan^jle, sclectivo 
crystallization and chromatogcapl^, e. g- column chromatogr^by. 

It is clear to a person skilled in the art that the compounds and intennediates of this 
invention contain at least two asynmetric centOT and thus may ei^ 
stereoisomeric forms. These asymmetric centers are indicated with an astj^ 
the iigures below. 




15 (5) 



The absolute configuiation of eadi asymmetric center Uiat m^ !» present in the 
20 conqwundsandinlennediatesoflhisinvBnlionmaybemdicat^^ 

descriptors R and S. this R and S notation coraosponding to tho rules described in Pure 
AppL Chean. 1976,45,11-30. 

The present invention is also intended to indnde aU isotopes of atoms occorring on the 
25 present compounds. Isotopes include those atonis having the same atomic nranber but 
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different mass numbers. By way of general example and without limitation, isotopes of 
hydrogen mclude tritium and deuterium. Isotopes of carbon include C-13 and C-14. 

The reagents and solvents used throughout the specification may be replaced by 
functional alternatives or functional derivatives thereof as they arc known to a person 
skilled in the art. Also the reaction conditions such as stirring times, purification and 
tenq»eniture may be adpjsted to optimise reaction conditions. Similarly, the reaction 
products may be isolated ftom the medium and, if necessary, fbrther purified accordmg 
to methodologies generally known in die art such as, for exanq>le, extraction, 
crystallization, trituration and chromatography. A number ofintermediatBS and starting 
materials used in tiie foregoing prepandions ate known coiiq)0^ 
be prepared according to methods known in fte art of preparing said or simflar 
cooqiounds. 

15 The compounds of fernrala (5) and an intemiediates leading to the formation of 
Btcrcoisomerically pure conqwunds arc of particular mtcrcst in preparing 4-amino- 
benzene sulfonamide compounds, as HIV protease inhibitors, as disclosed in 
WO 95/06030. WO 96/22287. WO 96/28418. WO 96/28463, WO 96/28464. 
WO 96/28465 WO 97/18205, and WO 02rt)92595 all hicoiporated herein by reference, 
and in particular, the HlV-protease inhibitor compound of formula (6), and any 
addition salt, polymorphio and/or pseudopolymorphio forms thereof 

Thus, the present mvenlion also irfates to mV pM«ease iii^^ 
fbrmnla (6) and any pharmaceuticaUy acceptable salt, polymorphic or 
pseudopolymorphio form thereof, obtained by usmg any intmnediate as described 
hrerem. whraehiboth, intermediates and oonqwund of foonula (6), are prepared as 
described itt,tiic present invention. 

Thus, the present mvention also relates to BdV protease inhibitors such as compound of 
formiila (6) and any phaxmaoeuticalfy acceptable salt polymoiphic or 
psendopolymoipbic fbrm Ibaceot, obtained by using a conqjound of formula (5) as 
intermediate, v?herein botii compound of formula (5) and con^und of formula (6) are 
prepared as described in the present invention. 



20 
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Thefollowmgexanq>lesarem«mttoinnslnitetiiepresentirivBntion. The examples are 
presented to exemplify the invention and are not to be considered as limiting the scope 
of the invention. 
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Examples 

T?^^»^1« 1- Pre paration of n -BeDzvl - ?-1wdTOxv-3-isohiTtv1amhiO-nrw>vi><^^ 
acid tert-botvi ester 

To 154.4 Kg isobulyiamine, (l-Chdraiiyl-2-phenyl-efliyl)-caAaniio acid tert-botyl ester 
5 (533 was added, and then the solutiou was boated iMJdCT reflux. Under icdnccd 
piessaie, isobutylaiimie was icmoved ftomlhe reaction nmrtans. and then replaced by 
tolueae. 

T^^nm pte 0- PrenararioD of n -Bt^^l-2-hv droxv-3-risobiitv H4-nitro-beDzenewm)nvlV 

10 yminol-p ropYn-^^'^fi"''*' tert-biityl ester 

26.7 kg Ulefliylanmie were added to the prqjared solution in Example 1, and flie 
obtained solution was heated to 82.88°C. To the solution, a solution of 4-mtrobenzene. 
suMbnyl chloride (53 Kg) in toluene was graduaUy added and stirred. The obtained 
reaction mixture was washed with water. 

15 The washed solution of (l-Benzyl-2-hydraxy-3-[isobulyl-(4-nitio-benzenesulfonyl> 
amino]-propyl)-caibamio acidtcrt-bulyl ester was heated, then toluene andn-hcptano 
were added. This solution was cooled and seeded with crystals of (l-Benzyl-2- 
hydraxy.3-[isobutyl-(4-nitro-benzenesnlfbnyl)-aminD]rpiopyl>cai^^ acid terfr-butyl 
ester. Aflw the deposition of crystals was <*served, the sotalion was kept stirring and 

20 then was slowly cooled tx>20-30''C. The resulting crystals were filtered off and washed 
with a mixed solution composed of toluene and n-heptane to give the wet crystals of 
(l-Boiz54-2-hydro7Qr-3-[isobulyl-(4-nitio-b6nz«esumMiyl)-aininol-pro!^ 
add tert^bu^ ester (yield 87-91%. basedon(l-Ctodrai^yl-2-phenyl 

acid tert-bu^l ester). 

I7^am p1« %■ Prenararimi of (\ -B e twv1-2-hvdroxv-3-ris6butvl-(4->mTino- 
t«m!«miain1fimvl>«mmoVp» o pvlVcarb ami c a cid t crt-butyl CstCT 
The wet crystals of (l-Ben2yi-2-hydroxy-3-[isobutyl-(4-nitro-benzenesulfonyl)- 
amino]-prppyI)-carbamic acid tert-butyl ester were suspended in ethanol (around 950 
L), and then l^dfograialBd in ttie presence of 10 wt% palladium carijon at around 

5-30«'C. After *e resulting reaction mixture was ffltraed to remove tiie paUadiumr 
carbon, the filtrate was concentrated under reduced pressure to give a solution of 
(l-Baizyl-2-hydroxy^3-[isobutyK4-amino-benzOTesulfonyl)-amino>propyl)-caiban^ 

acidtert-buty^l ester in ethanol. 
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TC-i RnSutvl-benzenesulibnamidB 

nie solution of (l-Benzyl.2-hydK»y-3-[is6lwlyl-(4-ainino4^^ 
propyl)-oaibaiiiic acidtert-butyl ester obtained in Erample 3 was heated for reflux, and 
5 tticn concentrated hydrochloric add (35-37 kg) was added. The solution was stincd. 

The obtained solution was tiien cooled to 40±3»C foUowedbyflie addition of water. 
A^'ttstment of tiie pH of tiie solution to around 9.5 witii aqueous solution of sodium 
hydroxide gave crystals of 4-Aniino-N-(3-aniino-2-bydroxy-4-phenyl-bulyl)-N- 

10 isobulyl-benzenesnlfonamide. Additional water was added to fliis solution to adjust tiie 
ocmceniration of 4-Aniino-N-(3-aniino-2-lQfdKixy^phenylrbulyl>N-isobutyl- 
benzenesulfonamidc to 5.5-5.8 wt%. and then this solution was cooled to 6 ± 4°C. The 
lesulting aystals were fihered ofiF and washed wifli a mixed solution conqrased of 
water and eflianol and then washed witiiwatCT. The resulting wet ciystals were 

15 sulgectedtovaounmdryingto givBtheprodnotof (2R,3S)-N-(3-anrino-2-hyd^ 

plKaiylbutyl>N-i8obulyl-4-aniino-hcnzcncsulfonaniidc. Yields were 75-85% based on 
(l-Bcnzyl-2-hydroxy-3-[isobu*yK4-nilro-beiizcnesulfcnyl)-amino]-propy^ 

add tert-butyl ester. 

20 5. Vr ^ ^^ f 4-Atr,i~.-M-rr2Tt.3SV3-atnhio-2-hvdroyy-4-pbgnylbutYlVyr- 

(iRobutvnben? ""'" failffinainide 

50,00 g of (l-Ben2yl-2-hydroxy-3-[isobutyl-(4-nitro-benzenesnlfi}nyl>amino]-piopyJ)- 
caAamic acidtert-bu^ ester, which was prepared according to the procedures 
described m W099/48885, WOOl/12599, and WOOl/46120; 2 mol% of ethanolamine 

25 and palladium on activated charcoal were suspended in meflianol, rendered mert and 
evacuated. At an inside temperature of 22-30''C about 3.0 eq of hydrogen were added 
at ovcrprossuro. Then tiic oatolyst was removed by fatration. 'mccolorlcss (to sUghtly 
yeUowish) solution was treated vnlh 21 .70 g hydrodjloric acid 37% and heated to 
reflux for 2 h. AJfter completB conversion methanol was removed by distillation. The 

30 predpitation was performed in 8 mixture of «» solvents MeOBVWater/IPA-mixture 

1:8:6,5. At a tenqieratore of O-T-C, sodium hydroxide 30% was dosed until a pH value 
of pH> 12.5 was reached. After 4 to 48 h tiie white precipitate was filtered and washed 
witii water and isopropanol. The wet product was dried in vacuum at eS'C. Ihe 
process yielded 36,94 g of a white to ydlowlsh powder. 



35 
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K^^tTiple fi' Pm paration o ^^A^W^^^NM^K ^SVVaininn-2>hYdroxv-4-phenYlbutyl>N> 
50,00 g of (l-Ben23d-2-1iy<tooxy-3-[isobuJyl<^ 

carbamic acid tert-butyl ester, which was prepared according to tiie procedures 

5 described in W099/48885, WOOl/12599, and WOOl/46120; and paUadium on 
activated charcoal w^ suspended in elhanol, rendered inert and ev^^ Atan 
inside temperature of 22-30*»C about 3,0 eq of hydrogen were added at ove^ressure. 
Thenthe catalyst was rraiovedby filtration. After distillation of the alcohol (1-Benzyl- 
2-l^dro3Qr-3-[isobutyl-(4-amino-benzenesulfonyl>amino]-^^ acidtert- 

10 butyl ester remained as a colorless foam in a yield of 97%, (l-Benzyl-2-hydroxy-3- 

[isobulyH4-aniiiK>4ienzenesulfon5^^ acid tert-buiyl ^ter was 

dissolved in methanol treated wWi 21 .70 g hydrochloric acid 37% and heated to reflux 
for 2 h. After complete conversion most of the alcohol was removed by distillation. 
The hydrochloric salt of 4-Aniino-N-((2R,3S)-3.amhio-2-hydro3qHl-phe!Q^^ 

15 isobulylJbCTzene sulfonamide was precipitated by removing most of the alcohol by 
distillation and adding dichloiomcthanc to the 40*^0 warm sohition. By stirring and 
cooling to room temperature the hydrochloiic salt precipitated immediately. The 
precipitation of 4-ArDino-N<(2R3S>3-aniino-2.1^droxy-4-phenylbu^^^^ 
isobulyl)b«izene sulfonamide was performed by dissolving die hydrochloric salt in a 

20 mixture ofthe solvents EtOHAjvater -mixture 1:1. At a temperature of 0-7«C, sodium 
hydroxide 30% was dosed untH a pH value of pB> 12.5 was readied. After 4 to 48 h 
the white precipitate was filtered and washed witii water and dried in vacmmL The 

process yielded 33,78 g of a ^wiiite to yeUowish powder. 

25 T?^5ini p1e 7: Preparation of nR-3aS,6aRV h exahvdrofi3ro r23-bl furan-3-yl (lS,2R)-3- 
ff</i-5iTTnnn phenvn Rulfonvll (iso^ ^ ^i) gmimn >1 -heii2^1-2-hvdroxvpropvlcarbamate 

100 mmol (3R,3aS,6aR>hexahydiofnro [2,3-b] fnran.3-ol in ethyl acetate were added 
onto 120 mmol of disucdmidylcaibonate (95%) in acetonitrile. FoUowing, a solution 

30 of 140 imnoltriediylamine in efliylacetate was added and stirred. Themixturewas 
cooled and treated with a suspmsion of 92 mmol of 4-Amino-N-((2R,3S)-3-amino-2- 
hydroxy-4-phenylbutyl)-N-(isobutyl)ben2»ne sulfonamide m 20 mmol 

methylamme, 41% aqueous solution m ethanol were added and the mixture was 
warmed. The reaction was washed twice with 10% NasCOa-solution and with water. 

35 Solvent was ev^orated and eftianol was added. Another portion of solvent was 
distilled oft The temperature was kept around 40 - 45 ° C and crystallization was 
mitiated by seeding. After stimng the mixture was cooled, stinred for anodio: 90 min 
stirred, cooled and ^gain stirred for 60 min. The precipitate was filtered and washed 
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with ethanoL The wet product was dried in vacuo at 40 °C. 43.5 g of (3R,3aS,6aR)- 
hexahydrofiiro [2^-b] fia^-3-yl(lS^>3-[[(4-animqplieayl) sulfonyl] (isobutyl) 
flminn ]-l Jhm7yl^2-hydroxyptopylcarbamate weie suspended in eliianol abs. and 
dissolved. The clear solution was cooled and seeding was applied. Crystallization 
5 occurred while cooling the mixtoic. Stirring was continued for another 60 xnin, 

followed by cooling, stirring and filtering off the product, whida was washed with cold 
edianolabs. The wet product was dried in vacuo at 40 **C. \leld: 42.1g=71%, 

Example 8: Preparation of (3IL3aS,6aRVhexahvdrofuro r23- b1 furaDr3-vl (1S,2RV3- 
10 [[(ii-giTnin» phenvn sulfonvll (isobutvP anaino1-l-benzvl-2-hvdroxvproi3vlcarb^iate 
etfiannlate 

100 tnmol (3R,3aS,6aR)-hcxahydrofuro [23-b] ftffan-3-ol in ethyl acetate were added 
onto 105 mmol of bis-(4-nitropheDyl)carbonate in acetonitrile. Following, a solution of 
250 nmiol triethylamine in ethylacetate was added and stirred. The mixture was treated 

15 witti a suspension of 95 mmol of 4-Amino-N-<(2R3S)-3-amino-24iydn>xy^phOTyl- 
balyl)-N-<isobutyl)bcn25cnc sulfonamide in clhyl acetate. 20 mmol mcthylaminc, 41% 
aqueous solution in etfaanolw<3e added. The reaction was washed three times with 
10% K2C03-solution and with water. Solvent was evaporated and ethanol was added. 
Another portion ofsolvent was distilled ofi£ The temperature was kept around 40 - 45 

20 and crystallization was initiated by seeding. After stirring the mixture was cooled, 

stirred for anoth^ 90 min stined, cooled and again sdired for 60 min. The precipitate 
was filtered and washed with ethanol. The wet product was dried in vacuo at 40 
43.5 g of (3R3aS,6aR>.hexahydro£uro [2,3-b] fiiran-3-yl(lS,2R).3-[[(4.aminophenyl) 
sulfonyl] (isobutyl) amino]- l-benzyl-2-ltydroxypropylcaibainate were suspended in 

25 ethanol abs. and dissolved. The clear solution was cooled and seeding was applied. 

Crystallization occurred ^^ule cooling the mixture. Stirring was condnned for another 
60 min, followed by cooling, stirring and fUtccing off the product, which was washed 
with cold ethanol abs. The wet product was dried in vacuo at 40 °C. Yield: 47.9 g = 
81%. 

30 

K^ain ple Pi^p ar ation of (3IL3aS.6aRVhex ahvdrQfiiro r23-b1 fhrai>-3-vl (1S.2RV3- 
f[f4-atninnphcn yn sulfon^l fiso lTi?^!^ 5^firittioVl-benzvl-^2-hvdro3cvpionv1raTbnmatf> 

100 nrniol (3R,3aS,6aR>hexahydroftiro [2,3-b] fiiran-3-ol in acetonitrile were added 
35 onto 1 10 mmol of disuccimidylcarbonate (95%) in acetonitrile. Following 300 mmol 
pyridine was added and stirred. The mixture was cooled and treated with a suspension 
of 95 mmol of 4-Amino-NK(2R^S>3-amino-2-hydroxy-4-phenyibulyl)-N-(isobuty^ 
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benzene solfbnatnide in acetonitrile, followed by 100 mmol of trietbjdanmie. 20 mmol 
methylamine, 41% aqueous solutiaii in water were added and ttie mixture was wanned. 
80 g solvent WTO distiUedof^NOBE was added and the reaction nai>dii^ 
with 10% Na2003-solution, with a mixture of sodium sulfate in sulfciric acid and again 
5 with 10% NaaCOa-solution. Solvent was evaporated and cthanol was added. Anoliicr 
portion of solvent was distilled o£ The ten^jeiaturc was kept around 40-45 C and 
czystallization was initiated by seeding. After stirring the mixture was cooled, stirred 
for another 90 min stirred, cooled and again stin^d for 60 rnin. The precipitate was 
fatered and washed with etihanoL The wet iiroduct was dried in vacuo at 40 **C. 43^ g 

10 of (3I^3aS,6aR)-hexahydro£uro [23-b] furan-3-yl (lS,2R)-3-II(4-aminophenyl) 

sulfon;^] (isobulyl) amino]-l-bCTizyl-2-hydroxypropylcarbainate were suspended in 
ethanol abs. and dissolved. The clear solution was cooled and seeding was applied. 
Crystallization occurred while cooling tiie mixture. Stirring was continued for another 
60 min, followed by cooling, stirring and filt^g off the product, which was washed 

15 v(dlh cold ethanol ab& The wet product was dried in vacuo at 40 Yield: 48.1 g= 
81%. 



